Unique molecular conformation of aureobasidin A, a highly amide N-methylated cyclic depsipeptide with potent antifungal activity: X-ray crystal structure and molecular modeling studies.
A structural feature of aureobasidins, cyclic depsipeptide antibiotics produced by Aureobasidium pullulans R106, is the N-methylation of four out of seven amide bonds. In order to investigate possible relationship between the molecular conformation and the amide N-methylation, aureobasidin A (AbA), which exhibits the potent antifungal activity, was subjected to X-ray crystal analysis. The crystal, recrystallized from ether (orthorhombic, space group P2(1)2(1)2(1), a = 21.643 (3) A, b = 49.865(10) A, c = 12.427 (1) A, z= 8), contained two independent conformers per asymmetric unit and they took on a similar arrowhead-like conformation. The conformation consisted of three secondary structures of antiparallel beta-sheet, and beta- and gamma-turns, and was stabilized by three intramolecular and transannular N-H O=C hydrogen bonds. The beta-hydroxy-N-methyl-l-valine residue, which is indispensable for its bioactivity, was located at the tip of the corner. Since a nearly identical conformation has been observed for aureobasidin E, a related cyclic depsipeptide, this arrowhead-like conformation may be energetically stable and important for biological activity. The contribution of the amide N-methylation to the conformation was investigated by model building and energy calculations. The energy-minimizations of AbA analogs, in which some (one to four) of four N-methylated amide bonds were replaced with usual amide bond, led to some conformers which are fairly different from the arrowhead form of AbA, although they are stabilized by three intramolecular N-H...O=C hydrogen bonds. This result explains the reason why four out of the seven amide bonds have to be methylated to manifest biological activity, i.e. the high N-methylation of aureobasidin is necessary to form only one well-defined conformation.